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© Method of molecular epitaxial growth of single crystal layers of compound semiconductors. 



(jy A method of molecular epitaxial growth for grow- 
ing single crystal on a substrate situated in a grow- 
ing chamber including the steps of: a) projecting 
material accommodated in a cell onto the substrate 
under a high vacuum; b) maintaining a temperature 
of the substrate after the material is applied to the 
substrate or maintaining a temperature after the sub- 



strate is heated up to a predetermined temperature; 
c) removing excessive atoms which are present to 
form more than 1 atomic layer so that 1 atomic layer 
is formed on the substrate, and d) depositing a 
different material on the substrate so as to form a 
flat layer without projection and recess. 
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FIELD OF THE INVENTION 

The present invention relates to a method of 
growth of a thin film for use in a composite semi- 
conductor, and more particularly to a method of 5 
growing crystal for providing composite semicon- 
ductor thin films for use in microwave elements, 
photo emissive elements and/or photo receiving 
elements. 

w 

DESCRIPTION OF THE PRIOR ART 
Problem (1) 

In the field of manufacturing high electron mo- 75 
bility transistor (referred to as HEMT hereinafter), it 
is necessary to form a thin layer of a few tens to a 
few hundreds of ran (hundreds to a few thousand 
angstroms) thickness as a channel layer. 

If there remain impurities on a surface of a 20 
substrate before the thin film is formed, the electric 
characteristic of the thin film layer formed on the 
substrate is lowered and the condition of the sur- 
face of the substrate appears as the characteristic 
of the thin film layer. In order to avoid such 25 
drawbacks, conventionally a way of thin film growth 
mentioned below has been employed. Figs. 1, 2 
and 3 are schematic diagrams showing top plan 
view of an apparatus for the process of a so called 
molecular epitaxial growing (referred to as MBE 30 
method) in the conventional lll-V composite semi- 
conductor. 

Referring to Fig. 1, 1 denotes a holder for 
holding a substrate 2, 3 denotes a cell shutter, 4 
denotes III group sample such as Ga or In, 5 and 7 35 
denote cells and 6 denotes V group sample such 
as As or P. In the method of growing lll-V group 
composite semiconductor thin film by the conven- 
tional MBE growth, the V group elements are con-, 
verted into atomic states or molecular states in the ao 
high vacuum growing chamber and radiated from 
the cell 7, whereby the substrate is heated up to a 
high temperature by illuminating light to the sub- 
strate 2 suppressing removal of the V group ele- 
ments from the substrate 2 so that the impurities 45 
situated on the surface of the substrate are re- 
moved. However in the conventional method men- 
tioned above, in order to fully remove the impuri- 
ties on the substrate, it is necessary to heat the 
substrate up higher than a critical temperature. 50 
Heating the substrate higher than the critical tem- 
perature may cause the substrate holder 1 to be 
heated up to a high temperature by the heat con- 
duction, resulting in increment of removed gas 
from the substrate holder 1 . As a result, the back- 55 
ground vacuum is also badly lowered thereby 
growing the impurities greatly and the electronic 
characteristic is lowered. Besides, in case after 



growing of the thin film on the substrate 2 and 
shaping of electrodes and fine shaping in the at- 
mosphere, a top thin film layer is grown again, it is 
necessary to remove the impurities situated on the 
thin film of the lower layer. In this event, if the 
semiconductor chip is heated up above the critical 
temperature, there may occur an alloying reaction 
in both thin film of the lower layer and surface 
electrode metal, then the thin film of the lower layer 
is damaged. In addition, in case the lower layer is 
formed of multi thin layers, there occurs diffusion 
of the doping atoms between the two adjacent thin 
layers and mother atoms, thereby lowering the 
electronic characteristics on the interface of the 
thin film and the thin film per se. 

Another MBE method of growing lll-V group 
composite semiconductor thin layer is shown in 
Fig. 2, wherein 8 is a substrate holder, 9 is a 
substrate, 10 is an ion gun, 11 and 14 are cell 
shutters, 12 is a III group material, 13 and 16 are 
cells, 15 is V-group material and 17 is an entrance 
for Argon gas. In the method shown in Fig. 2, Ar 
ion beam is projected by the ion gun 10 onto the 
surface of the substrate 9 by introducing the Ar gas 
in the vacuum device, whereby the surface of the 
substrate 9 is cleaned off without temperature rise. 
However, radiation of the Ar beam causes the 
surface of the substrate 9 to be remarkably opti- 
cally damaged and the crystal characteristic is dis- 
turbed, whereby a lot of defaults occur. As a result 
the crystallization and the electronic characteristic 
of the surface of the top layer grown on the sub- 
strate are lowered. 

A further approach is to use so called a vapor 
phase epitaxial growth as the MBE method wherein 
there is used as shown in Fig. 3 a chemical vapor 
phase etching against the surface of the substrate 
by means of reactive gas such as HCL gas imme- 
diately before the crystal growth. In Fig. 3, 18 is a 
substrate holder, 20 and 23 are cell shutters, 21 is 
a III group material, 22 and 25 are cells, 24 is V 
group material and 26 is an entrance to introduce 
the reaction gas. In the method shown in Fig. 5, it 
is possible to clean the surface of the substrate 
without causing the substrate to be heated or 
damaged. However, in the method shown in Fig. 3, 
to introduce the reaction gas into the vacuum de- 
vice causes the material forming the vacuum de- 
vice and exhausting path of the vacuum device to 
be undesirably etched, in addition the reaction gas 
may reacts with fine wires such as heaters. These 
phenomena invite serious problems for the stable 
operation of the vacuum device. To etch the mem- 
bers of the device other than the substrate causes 
to generate impurity gas, thus the electronic char- 
acteristic of the lll-V group composite semiconduc- 
tor formed after the etching is lowered. 

US-A-3 992 233 describes a method whereby 
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Group lll-V compound substrates are heat cleaned 
under vacuum conditions by heating above their 
congruent temperature about 700 'C for GaAs sub- 
strate and subjecting the substrate to at least one 
molecular beam of the material preferentially 5 
evaporating from the substrate thereby maintaining 
surface stoichiometry. Surfaces so cleaned may 
then have an epitaxial layer grown thereon under 
similar conditions from molecular beams. Alter- 
natively, the cleaned surface may be coated with w 
cesium and oxygen to form a photocathode. 

Problem (2) 

There has been expected the possibility of is 
improvement of the electric characteristics of the 
semiconductor device by accumulating alternative 
periodic construction of the growth layers of dif- 
ferent composition each having only 1 atomic layer. 
Such construction is referred to as mono atomic 20 
supper lattice or MSL. This has been reported in 
T.Yao, J J A P 22, (1983) L 680. 

The conventional method of making the MSL is 
to alternatively open and close the shutters 3 and 
3'so as to grow the GaAs layer and AlAs layer 25 
alternatively periodically and to obtain a hetero 
interfaces. 

However, the hetero interfaces grown by the 
conventional method has a disadvantage that the 
surface of the hetero interface is not flat but is 30 
fluctuated with more than 1 atomic thick. Such 
fluctuation or projection and recess of the surface 
of the hetero interface causes the light wave length 
radiated from a quantum well type light emission 
element to be shifted and lowering the control of 35 
the characteristic of the light emission element. 
Besides, in case of microwave element in which 
the current flows in parallel with the hetero inter- 
face such as a high electron mobility transistor 
(HEMT), there occurs electron scattering due to the 40 
fluctuation on the surface of the hetero interface, 
resulting in lowering the electron mobility and op- 
eration speed of the microwave element. Also since 
the surface of the hetero interface is fluctuated 
more than 1 atomic thick it has not been made to 45 
form the MSL on over all surface of the wafer of 2 
inch diameter. 

There further has been proposed to control the 
surface of the growth layer without the fluctuation 
of 1 atomic thick through observation of the grow- so 
ing layer by the reflection electron beam diffraction 
during MBE growth. (Sakamoto et al J J A P 23 
(1984) L657.) However, in fact it has been impos- 
sible to suppress the fluctuation of the surface of 
the hetero interface even if the the above method 5; 
was used. (Preliminary literature at 32 conference 
of applied physics 31P-ZA 12,(1985) P744.) 



SUMMARY OF THE INVENTION 

An essential object of the present invention is 
to provide a method of growth of a thin film layer in 
a composite semiconductor which enables to form 
the thin film layer having a desired characteristics. 

Another object of the present invention is to 
provide a method of growth of a thin film layer 
formed by 1 atomic layer correctly without fluc- 
tuation of the surface of the thin layer. 

A further object of the present invention is to 
provide a method of manufacturing a thin film layer 
of the composite semiconductor in which the high 
speed electron mobility can be obtained. 

A still further object of the present invention is 
to provide a method of manufacturing a thin film 
layer of the composite semiconductor having only 
1 atomic thick without projection and recess by an 
easy control of the molecular beam. According to 
the invention, there is provided a method of molec- 
ular epitaxial growth for growing single crystal on a 
substrate situated in a growing chamber including 
the steps of: a) projecting material accommodated 
in a cell onto the substrate under a high vacuum, 
b) maintaining a temperature of the substrate after 
the material is applied to the substrate or maintain- 
ing a temperature after the substrate is heated up 
to a predetermined temperature, c) removing ex- 
cessive atoms which are present to form more than 
1 atomic layer so that 1 atomic layer is formed on 
the substrate, and d) depositing a different material 
on 'the substrate so as to form a flat layer without 
projections and recesses. 

In order to solve the above problem (2), the 
present inventors have studied the motion of the 
atoms on the surface of the substrate. As the result 
of the observation, the following new result was 
discovered as shown in Fig. 8. Fig. 8 shows a 
result of the Auger electron spectrum analysis in 
the adjacent analysis chamber keeping a high 
vacuum with the background vacuum of 5 x 10 11 
Torr to 1 x lO" 10 Torr without taking the InP 
substrate out of the vacuum device after applica- 
tion of Ga material onto the surface of InP sub- 
strate under As pressure of 1.33 x 10 Mo 1.33 x 
10~ 3 Pa (1 x 10- 6 Torr to 1 x 10~ 5 Torr) at the 
temperature 400 'C to 500 "C of the substrate. The 
vertical axis shows the relative peak value of the 
Auger electron intensity taking the peak intensity of 
the Auger electron spectro of the InP substrate as 
1,0. The horizontal axis shows the time during 
which radiation of Ga material with the Ga cell 
shutter opened. In this case it is noted that the time 
shown in Fig. 8 corresponds to the time from the 
opening of the Ga cell shutter to the closure there- 
of. Namely in Fig. 8, the time is plotted with the 
interval of about 4 to 5 seconds, and the plot 
corresponds to 20 seconds does not mean that the 
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radiation of the Ga material for 4 seconds is re- 
peated four times but means the radiation for 20 
seconds of one time. As a whole, it is apparent that 
the longer the releasing time of the shutter or 
evaporation of Ga material, the weaker the intensity 
of the In peak. This means that the rate of detec- 
tion of In Auger electron at the substrate decrease 
since Ga atoms are applied on the surface of the 
InP substrate. However, in a detail, the intensity of 
the peak is reduced every 15 to 16 seconds ab- 
ruptly This means the following phenomenon. For 
example, from 0 second to 16 second, there is no 
variation of the peak intensity. In other words, in 
case Ga cell shutter is opened only for less the 16 
seconds, Ga atoms once applied to the surface of 
InP substrate is away from the surface of the 
substrate while the temperature of the substrate 
falls below a room temperature after the Ga cell 
shutter is closed during 30 minutes, then the sur- 
face of the substrate appears again. The thickness 
of GaAs layer when continuous growth is per- 
formed for 3 hours with the Ga molecular intensity, 
As pressure and the substrate temperature are kept 
unchanged is about 0.19 urn. therefore, the thick- 
ness of GaAs layer in case of continuous growth is 
2 8 A so that the Ga As thickness corresponds to 1 
atomic thickness within the measurement error 
range. This phenomenon can be explained as fol- 
lows. 

There are formed isolated atom A and two 
dimensional crust B and three dimensional crust C 
on the outermost surface of the growth layer as 
shown in Fig. 9a. To the contrary, the cross sec- 
tional view at the portion near the outermost sur- 
face of the growth layer having a complete flat 
surface can be shown as Fig. 9b with respective to 
the atom layer level. The atoms situated on the 
outermost surface are conflicted by the four most 
adjacent atoms by the atomic bonding force. How- 
ever, the isolated atom A in Fig. 9b is conflicted 
only by two most adjacent atoms, and the atom in 
the end of the two dimensional crust B is conflicted 
only by three most adjacent atoms. It is noted that 
for the sake of brevity, the number of the most 
adjacent atoms are shown in Fig. 9a. In order to 
express correctly, it is necessary to count the num- 
ber of atoms situated in the three dimensional 
direction (the direction perpendicular to the paper). 
Therefore, the force against the isolated atom A is 
weakest, then the force against the end of the two 
dimensional crust B is weak. Therefore, in order for 
the atom to be released from the outermost surface 
in Fig. 9b against the whole confliction force of the 
four atoms, there is required a force greater than 
the force to be released against the isolation atom 
A or two dimensional crust B. In the three dimen- 
sional crust C shown in Fig. 9a, the atoms on the 
top are equivalent to the isolated atom and the 



atoms situated in the two lower atom layers are 
equivalent to the two dimensional crust. Accord- 
ingly, application of the energy such as heat en- 
ergy by heating with a heater or laser heating) 
5 having the amount of energy not to remove the 
atom form the flat surface of the atom level enables 
the surface to be flat as shown in Fig. 9b compared 
to the fluctuated surface as shown in Fig. 9a. 

For this purpose there may be proposed the 
w following two methods. One of them is to grow the 
layer by applying a relatively strong molecular 
beam heating the substrate up to such temperature 
as to remove only the isolated atom A, two dimen- 
sional crust B and three dimensional crust C but 
,s not to remove the atoms from the flat surface. In 
this case, it is necessary to supply a number of 
atoms greater than the number of atoms released 
from the substrate since the atoms tend to be 
removed from the substrate if the condition of the 
20 crust or isolated atom is kept long time takes a 
long time before 1 atomic surface is completed. 
Therefore a relatively great molecular beam inten- 
sity is necessary. In other words, there is needed 
the intensity of the molecular beam more than such 
as necessary intensity that the scattered isolated 
atoms are taken in the crust, whereby the growing 
crust forms finally complete single atom layer. In 
this method, after the radiation of the molecular 
beam is stopped, it is possible to remove only the 
30 isolated atoms and the crust from the outermost 
surface by keeping the substrate at the tempera- 
ture when the radiation is stopped. 

The other method is to apply the molecular 
beam with such a temperature as not to remove 
as the isolated atoms and crust, subsequently to stop 
the radiation and to heat the substrate up to such a 
temperature to remove the isolated atoms and 
crust in the outermost surface after the radiation is 
stopped. In this method, the temperature of the 
40 substrate is relatively low, so that the efficiency of 
the use of the material is high and since it is 
possible to decrease the intensity of the molecular 
beam, so that the amount of the impurity gas can 
be decreased. However, it is necessary to modu- 
45 late the temperature of the substrate in response to 
the opening and closing the cell shutter. 

BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 is a partial top plan view of a vacuum 
device used in a conventional method of grow- 
ing a thin film layer of a composite semiconduc- 
tor, 

Fig. 2 is a a partial top plan view of a vacuum 
device used in another conventional method of 
growing a thin film layer of a composite semi- 
conductor, 

Fig. 3 is a partial top plan view of a vacuum 
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device used in a conventional method of grow- 
ing a thin film layer of a composite semiconduc- 
tor, 

Fig. 4 is a graph showing the peak value of the 
Auger electron spectra relating to a composite 
semiconductor, in which the vertical axis repre- 
sents the value dN/dE and the horizontal axis 
represents the value of electron energy, 
Fig. 5 is a partial plan view of a vacuum device 
for use in a method of the growth of thin film 
layer of a composite semiconductor, 
Fig. 6 is a cross sectional view of a composite 
semiconductor, 

Fig. 7 is a graph showing the peak value of the 
Auger electron spectra of a prior art composite 
semiconductor. 

Fig. 8 is a graph showing the peak values of the 
Auger electron spectra analysis, 
Figs. 9a and 9b are schematic diagram showing 
the condition of the atoms on the surface of the 
thin film layers, 

Figs. 10a through 10c are respectively partial 
top plan view of a vacuum device used for the 
growth of the thin film layer according to the 
present invention, 

Fig. 1 1 is graphs showing the relation between 
the electron mobility and the temperature in 
MSL according to the present invention and the 
conventional method, 

Fig. 12 is an example of a composite semicon- 
ductor of a hetero structure formed by the meth- 
od according to the present invention, and 
Fig. 13 is graphs showing the relation between 
the electron mobility and the temperature in the 
hetero structure of the composite semiconductor 
formed by the method according to the present 
invention and the conventional method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Example 1 

Referring to Fig. 5, a substrate holder 27 is 
situated at the center of a cylindrical vacuum de- 
vice 27a. Placed on the front surface of the sub- 
strate holder 27 is an InP substrate. Four cylindrical 
cells 30, 33, 36 and 38 are disposed so as to 
radially project from the sylindrical wall of the vacu- 
um device 27a and they are enclosed arm pipes 
30a, 33a. 36a and 38a. Sb material 29, In material 
32 of III group material, Ga material 35 and As 
material 37 are respectively put in the cells 30, 33, 
36 and 38 which are directed toward the substrate 
holder 27 to radiate respective atomic beams from 
the materials toward the InP substrate. 

In the example 1 shown in Fig. 5, InP substrate 
28 was heated by the As* molecular beam up to 



about 400 'C for about 10 minutes keeping the 
vacuum of the area near the substrate with 1.33 x 
10-* to 1.33 x 10" 3Pa (1 x 10~ 5 Torr to 1 x 10 5 
Torr) and the vacuum of the background with about 
5 6.67 x 10 3Pa (5 x 10~ 5 Torr), subsequently Sb 
molecular beam of about 1.33 x 10- 6Pa (1 x 10 8 
Torr) was radiated to the substrate 28 for about 2 
seconds. Thereafter, the cell shutter 31 of the In 
cell 33 and cell shutter 34 of the Ga cell 36 were 
jo opened so as to continuously grow the thin film of 
ln 0 . S3 Gao.47 As of 0.2 urn on the InP substrate 28. 
In case where 0.2 urn of ln 0 . 53 Gao.47 As was 
formed on the semi insulation InP substrate by 
means of the example 1, the electron mobility 
75 under the room temperature was 1 1 ,000 cm 2 /V sec 
and the carrier density was 1 x 10 11 cm 3 . To the 
contrary, in case where the thin film of ln 0 .53 Gao.47 
As of 0.2 urn was formed on the InP substrate by 
only thermal cleaning of 400' C for 10 minutes 
20 radiating As* molecular beam of 1.33 x 10~ 3 Pa (1 
x 10 -5 Torr), the electron mobility under the room 
temperature was 8,000 cm 2 /V sec and the carrier 
density was 2 x 10 l6 /cm. As apparent from the 
foregoing, according to the example 1. the impurity 
25 carrier density in the semiconductor can be ex- 
traordinally reduced and the electron mobility can 
be increased and the electric characteristics of the 
lno.53 Gao.47 As layer can be improved. 



The same process as shown in the example 1 
was performed except that Ga atoms were used in 
place of Sb atoms and III group molecular beam 
35 such as In molecular beam was used in place of 
Sb molecular beam. The same effect as in the 
example 1 could be obtained. 

lno.53Gao.47As thin layer of not more than 0.2 u 
m thick was made using the method of the exam- 
40 pie 2 in which In molecular beam was used in 
place of using Ga molecular beam. The electron 
mobility under the room temperature was 
10500cmW.sec, and the carrier density was 1.5 x 
10 13 cm" 3 . In this case, it was possible to improve 
45 the electron characteristics in the thin film layer. 
The same effect could be recognized under the 
substrate temperature of 300 to 500 " C and it was 
possible to improve the electron characteristics of 
lno.53Gao.47As thin film layer. 

50 

Example 3 

Referring to Figs. 10a to 10c, in the vacuum 
device 40, Ga cell shutter 50 was opened so that 
55 Ga material 51 radiated Ga molecular beam and As 
cell shutter 52 was opened so that As material 53 
radiated As molecular beam. By the radiation of the 
Ga molecule beam and As molecular beam. GaAs 
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layer was grown on the InP substrate laid on the 
substrate holder 54 for 20 seconds. The tempera- 
ture of the substrate 53 was set at 400 *C to 500 
•C Subsequently, a main shutter 56 of a flat plate 
disposed in from of the substrate 53 was closed to 
cut off the molecular beams radiated from the ceHs 
51 and 53. Since the directionality of Ga cell 57 
and In cell 58 was keen and the spread angle of 
the beam was narrow, projection of the beam to the 
InP substrate 53 could be shut off by closing the 
main shutter 56. On the other hand, the direc- 
tionality of the As atoms evaporated from As cell 
58 was broad, therefore, some number of As atoms 
entered behind the main shutter even if the main 
shutter 56 was closed and were radiated onto the 
InP substrate 53. This phenomenon could give 
such an advantage that releasing of P atoms from 
the InP substrate 53 could be suppressed by the 
pressure of the As atoms entering behind the main 
shutter 56 as mentioned above, even when the InP 
substrate 53 was heated about 400 -C to 500 C 
with the main shutter 56 closed. After the main 
shutter 56 was closed, In cell shutter 60 was 
opened with the Ga cell shutter 50 closed as 
shown in Fig. 10 b. This condition was kept for 
more than about 1 minute. The process mentioned 
above caused the excessive Ga atoms situated on 
the most surface of the GaAs thin layer formed on 
the InP substrate to be released so that a complete 
planar grown atomic plane could be formed. During 
this process, Ga cell shutter 50 was closed and In 
cell shutter 60 was opened, whereby radiation of 
the impurity gas from Ga cell shutter 50 during 
reheating thereof could be prevented and fluctu- 
ation of the intensity of In molecular beam at the 
time immediately after the opening of the cell shut- 
ter 60 could be suppressed. 61 denotes a Ga 
material and 62 denotes a Ga cell. 
Subsequently the main shutter 56 was opened so 
as to repeat the growth of InAs layer on the thin 
GaAs layer. The same process as mentioned 
above was repeated for InAs layer and GaAs layer 
so that alternative InAs layers and GaAs layers 
each having mono atomic layer super lattice (MSL) 
were cyclicly formed. 

The electric characteristics of MSL according 
to the present invention and MSL formed by the 
conventional method were compared. The result is 
shown in Fig 11. In Fig. 11 . the curve X shows the 
characteristic of MSL made using the method ac- 
cording to Example 3 and the curve Y shows the 
characteristic of MSL according to the convent.onal 
method. MSL made by the method of the present 
invention enables to increase the electron mobility 
remarkably. 

A hetero structure as shown in Fig. 12 was 
prepared wherein each of the interfaces is formed 
according to the method mentioned above. Specifi- 



cally formed on the substrate 70 is a buffer layer 
71 made of Aminos* As layer 71. on which a 
working layer of ln 0 . 53 Gao.47 As layer , a spacer 
layer 73 of AWo.sa As layer and a doping layer 
5 74 of Alo 4 8 lno.s 2 As layer are respectively formed in 
turn. In the process of growth of the respective 
layers 70 to 74, the condition shown in Fig. 10 b 
was kept for more than 1 minutes every time the 
respective interfaces were formed. The tempera- 
10 ture of the substrate 70 was kept between 400* C 
and 500' C. The characteristics of the hetero struc- 
ture formed by the method according to the 
present invention and that of the hetero structure 
formed by the conventional method were com- 
is pared. The result of comparison is shown in Fig. 
13. In Fig. 13 the curve X shows the characteristic 
of the hetero structure according to the present 
invention and the curve Y shows the characteristic 
of the hetero structure according to the conven- 
20 tional method. It is understood that the electron 
mobility of the hetero structure formed by the 
method according to the present invention is higher 
than that of the hetero structure made by the 
conventional method. Field effect transistors using 
25 MSL consisting of InAs and GaAs made by the 
present invention and the hetero structure of ln 0 . 53 
Gao.47 As and Al 0 .48lno.s 2 As were also made. They 
could work with a high speed. 

An advantage of the present invention is to 
30 make the time of flattening the surface of the 
growth layer short by increasing the temperature of 
the InP substrate in place of keeping the tempera- 
ture of the substrate constant as mentioned above. 



35 Claims 



1. A method of molecular epitaxial growth for 
growing single crystal on a substrate situated 
in a growing chamber including the steps of: 
a) projecting material accommodated in a 
cell onto the substrate under a high vacu- 

ti) maintaining a temperature of the sub- 
strate after the material is applied to the 
substrate or maintaining a temperature after 
the substrate is heated up to a predeter- 
mined temperature, 

c) removing excessive atoms which are 
present to form more than 1 atomic layer so 
that 1 atomic layer is formed on the sub- 
strate, and 

d) depositing a different material on the 
substrate so as to form a flat layer without 
projection and recess. 

2 A method according to claim 1, wherein the 
step (d) includes depositing a smooth atomic 
layer of the different material in accordance 
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with steps (a) to (c) and to repeat the above 
processes. 

3. The method according to claim 1 , wherein said 
substrate is InP substrate and Ga material is 
deposited onto the substrate to form a mon- 
oatomic layer while maintaining the InP sub- 
strate at a temperature of 300 'C to 500 *C in 
As* or As 2 atmosphere, subsequently the tem- 
perature of the atmosphere, subsequently the 
temperature of the substrate is kept between 
400 *C to 600 *C so that the excessive Ga 
atoms on the surface of the monoatomic layer 
are removed to form a complete monoatomic 
GaAs layer, then the substrate temperature is 
kept at 250 *C to 450 *C and In material is 
deposited to more than 1 atomic thickness and 
the substrate temperature is kept between 
400 °C and 500 "C to remove the excessive In 
atoms on the surface of the monoatomic layer 
and to form a complete monoatomic InAs layer 
and to repeat the above processes. 
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